TITLE OF THE INVENTION 

Bias Voltage Generating Circuit and Differential Amplifier 
BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a differential amplifier and a bias voltage 

generating circuit generating a bias voltage in the differential amplifier. 

Description of the Background Art 

For example, in a Japanese Patent Application Laid-Open No. 2002-124835 
10 (2002), a composition of a general differential amplifier (in other words, an operational 
amplifier) including a differential amplifier circuit and a bias voltage generating circuit is 
described. 

The differential amplifier circuit in the differential amplifier is generally 
composed of a current mirror circuit, two transistors connected respectively with two 

15 connect terminals of the current mirror circuit letting a reference current and a mirror 
current of a similar value to that of the reference current flow respectively and a constant 
current circuit connected with those two transistors in common (composed of one 
transistor generally). Moreover, the bias voltage generating circuit in the differential 
amplifier generates a bias voltage supplied to the constant current circuit in the 

20 differential-amplifier-circuit 



An input voltage signal and a reference voltage signal are inputted to the two 
transistors in the differential amplifier circuit, respectively. The differential amplifier 
detects a differential voltage between these signals, and amplifies and outputs this. 

Besides, as for the other information disclosure statement corresponding to the 
25 invention of this application, a Japanese Patent Application Laid-Open No. 7-7340 (1995) 
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is mentioned. 

With regard to the conventional differential amplifier circuit and the bias 
voltage generating circuit as described above, there is a case that inconvenience occurs 
when a common mode voltage between the input voltage signal and the reference voltage 
5 signal decreases. 

In other words, there is a case that a potential of common connect terminals of 
the two transistors decreases when absolute values of the respective voltages of the input 
voltage signal and the reference voltage signal decrease even if there is no change in a 
potential difference (the differential voltage) between the input voltage signal and the 
10 reference voltage signal and thus a value of a constant current flowing through the 
constant current circuit in the differential amplifier circuit decreases. When the constant 
current does not flow through the constant current circuit, it is impossible to detect the 
differential voltage correctly. 



1 5 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a bias voltage generating 
circuit and a differential amplifier which can ensure a constant current through a constant 
current circuit in a differential amplifier circuit even in case that a common mode voltage 
of the reference voltage signal to the differential amplifier circuit changes. 

-20 According-to-a-first-aspect-of-the present4nvention,-the_bias.voltage_generating_ 

circuit has a first constant current generating part which generates a constant current, a 
first transistor of a first conductivity type and a second transistor of a second conductivity 
type different from the first conductivity type. The first transistor includes a first current 
electrode to which a first potential is supplied through the first constant current generating 

25 part, a second current electrode and a control electrode. The second transistor includes a 



first current electrode to which a second potential different from the first potential is 
supplied, a second current electrode connected with the second current electrode of the 
first transistor and a control electrode connected with the second current electrode of the 
first transistor. The constant current flows between the first and the second current 
5 electrodes of the first transistor and between the first and the second current electrodes of 
the second transistor. A voltage signal is inputted to the control electrode of the first 
transistor. A potential at the second current electrode of the second transistor functions 
as a first bias voltage. 

The constant current generated in the first constant current generating part 

10 flows between the first and the second current electrodes of the first transistor and 
between the first and the second current electrodes of the second transistor. Moreover, 
the voltage signal is inputted to the control electrode of the first transistor, and the 
potential at the second current electrode of the second transistor functions as the first bias 
voltage. In this bias voltage generating circuit, a reference voltage signal to a 

15 differential amplifier circuit in a differential amplifier is applied as the voltage signal 
inputted to the control electrode of the first transistor, and the first bias voltage is made to 
function as the bias voltage to a constant current circuit included in the differential 
amplifier circuit. Then, when an absolute value of the reference voltage signal changes, 
a voltage drop amount in the first transistor changes, and the first bias voltage can be 

-20 made-to-change: — In-other- words— this-bias-voltage_generating_circuit_has^ J^dbacjc 

action ensuring a constant current value in the constant current circuit included in the 
differential amplifier circuit. Accordingly, the bias voltage generating circuit which can 
ensure a constant current in the constant current circuit in the differential amplifier circuit 
is attainable, even in case that a common mode voltage of the reference voltage signal to 

25 the differential amplifier circuit changes. 
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According to a second aspect of the present invention, the bias voltage 
generating circuit according to the first aspect of the present invention further comprises a 
second constant current generating part, a fourth transistor of the second conductivity type 
and a fifth transistor of the first conductivity type. The second constant current 
5 generating part generates other constant current of a similar value to that of the constant 
current generated in the first current generating part. The fourth transistor includes a 
first current electrode to which the second potential is supplied through the second 
constant current generating part, a second current electrode and a control electrode. The 
fifth transistor includes a first current electrode to which the first potential is supplied, a 

10 second current electrode connected with the second current electrode of the fourth 
transistor and a control electrode connected with the second current electrode of the 
fourth transistor. The other constant current flows between the first and second current 
electrodes of the fourth transistor and between the first and second current electrodes of 
the fifth transistor. The voltage signal is inputted to the control electrode of the fourth 

15 transistor. A potential at the second current electrode of the fifth transistor functions as 
a second bias voltage. 

According to a third aspect of the present invention, the bias voltage generating 
circuit according to the first aspect of the present invention further comprises seventh to 
ninth transistors. The seventh transistor of the second conductivity type includes a first 

20 current electrode to which the-second-potential-is supplied^a second current elect rode and 

a control electrode connected with the control electrode of the second transistor. The 
eighth transistor of the second conductivity type includes a first current electrode 
connected with the second current electrode of the seventh transistor, a second current 
electrode and a control electrode. The ninth transistor of the first conductivity type 

25 includes a first current electrode to which the first potential is supplied, a second current 



electrode connected with the second current electrode of the eighth transistor and a 
control electrode connected with the second current electrode of the eighth transistor. 
The second transistor and the seventh transistor constitute a fourth current mirror circuit. 
The fourth current mirror circuit generates other constant current of a similar value to that 
5 of the constant current. The other constant current flows between the first and second 
current electrodes of the eighth transistor and between the first and second current 
electrodes of the ninth transistor. The voltage signal is inputted to the control electrode 
of the eighth transistor. A potential at the second current electrode of the ninth transistor 
functions as a second bias voltage. 

10 According to a fourth aspect of the present invention, a differential amplifier 

has a bias voltage generating circuit according to the first aspect of the present invention 
and a differential amplifier circuit which includes a tenth transistor including a first and a 
second current electrodes and a control electrode as a constant current circuit. A 
reference voltage signal and an input voltage signal are inputted to the differential 

15 amplifier circuit. The reference voltage signal is also inputted to the control electrode of 
the first transistor as the voltage signal. The first bias voltage is inputted to the control 
electrode of the tenth transistor. 

The differential amplifier has the bias voltage generating circuit according to 
the first aspect of the present invention and the differential amplifier circuit. Moreover, 

20 the~reference- voltage signal-to -the -differential-amplifier -circuit is_also_inputted_to^the 
control electrode of the first transistor, and the first bias voltage is inputted to the control 
electrode of the tenth transistor which is a constant current circuit. The bias voltage 
generating circuit has a feedback action ensuring a constant current value through the 
constant current circuit included in the differential amplifier circuit. Accordingly, the 

25 differential amplifier which can ensure a constant current through the constant current 



6 

circuit in the differential amplifier circuit is attainable, even in case that a common mode 
voltage of the reference voltage signal to the differential amplifier circuit changes. 

According to a fifth aspect of the present invention, a differential amplifier has 
a bias voltage generating circuit according to the second aspect of the present invention, a 
5 differential amplifier circuit having an eleventh transistor of the second conductivity type 
including a first and a second current electrodes as a constant current circuit and a control 
electrode and other differential amplifier circuit having a twelfth transistor of the first 
conductivity type including a first and a second current electrodes and a control electrode 
as other constant current circuit. Both a reference voltage signal and an input voltage 

10 signal are inputted to the differential amplifier circuit and the other differential amplifier 
circuit, respectively. The reference voltage signal is also inputted to the control 
electrodes of the first and fourth transistors as the voltage signal, respectively. The first 
bias voltage is inputted to the control electrode of the eleventh transistor. The second 
bias voltage is inputted to the control electrode of the twelfth transistor. 

15 The differential amplifier has the bias voltage generating circuit according to 

the second aspect of the present invention, the differential amplifier circuit and the other 
differential amplifier circuit. Moreover, the reference voltage signal to the differential 
amplifier circuit and the other differential amplifier circuit is also inputted to the control 
electrodes of the first and the fourth transistors, and the first bias voltage is inputted to the 

20 control - electrode- of— the-ele venth— transistor- which_is_the- .constant^ cu rrent circ uit. 

Moreover, the second bias voltage is inputted to the control electrode of the twelfth 
transistor which is the other constant current circuit. This bias voltage generating circuit 
has a feedback action ensuring a constant current value in the constant current circuit in 
the differential amplifier circuit and a constant current value in the other constant current 

25 circuit in the other differential amplifier circuit. In other words, the differential 
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amplifier which can ensure constant currents in the constant current circuit and in the 
other constant current circuit is attainable, even in case that a common mode voltage of 
the reference voltage signal to the differential amplifier circuit and the other differential 
amplifier circuit changes. Moreover, the differential amplifier according to the present 
5 aspect has the differential amplifier circuit and the other differential amplifier circuit 
which include the constant current circuit and the other constant current circuit of the 
different conductivity type, respectively. Accordingly, even if there is an influence upon 
a constant current flowing in one of the constant current circuit and the other constant 
current circuit, a stability of a constant current flowing in the other is improved. In other 

10 words, even in case that an operational reliability of one of the differential amplifier 
circuit and the other differential amplifier circuit decreases, an operational reliability of 
the other part is improved, thus a differential voltage detection can certainly be performed 
with applying a signal of the differential amplifier circuit of higher operational reliability 
corresponding to an aptitude of a fluctuation of the reference voltage signal. 

15 According to a sixth aspect of the present invention, a differential amplifier has 

a bias voltage generating circuit according to the third aspect of the present invention, a 
differential amplifier circuit including a thirteenth transistor of the second conductivity 
type including a first and a second current electrodes and a control electrode as a constant 
current circuit and other differential amplifier circuit including a fourteenth transistor of 

20 the-first-conductivity-type including-a-first-and-a-second-Current_electrod es and a contro l 

electrode as other constant current circuit. Both a reference voltage signal and an input 
voltage signal are inputted to the differential amplifier circuit and the other differential 
amplifier circuit, respectively. The reference voltage signal is also inputted to the 
control electrodes of the first and eighth transistors, respectively. The first bias voltage 

25 is inputted to the control electrode of the thirteenth transistor. The second bias voltage 
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is inputted to the control electrode of the fourteenth transistor. 

The differential amplifier has the bias voltage generating circuit according to 
the third aspect of the present invention, the differential amplifier circuit and the other 
differential amplifier circuit. Moreover, the reference voltage signal to the differential 
5 amplifier circuit and the other differential amplifier circuit is also inputted to the control 
electrodes of the first and the eighth transistors, and the first bias voltage is inputted to the 
control electrode of the thirteenth transistor which is the constant current circuit. 
Moreover, the second bias voltage is inputted to the control electrode of the fourteenth 
transistor which is the other constant current circuit. This bias voltage generating circuit 

10 has a feedback action ensuring a constant current value in the constant current circuit in 
the differential amplifier circuit and a constant current value in the other constant current 
circuit in the other differential amplifier circuit. In other words, the differential 
amplifier which can ensure constant currents in the constant current circuit and the other 
constant current circuit is attainable, even in case that a common mode voltage of the 

15 reference voltage signal to the differential amplifier circuit and the other differential 
amplifier circuit changes. Moreover, the differential amplifier according to the present 
aspect has the differential amplifier circuit and the other differential amplifier circuit 
which include the constant current circuit and the other constant current circuit of the 
different conductivity type, respectively. Accordingly, even if there is an influence upon 

"20 a - constant-current -flo wing-in one-of-the -constant -current circuit and_the_other_ constant 

current circuit, a stability of a constant current flowing in the other is improved. In other 
words, even in case that an operational reliability of one of the differential amplifier 
circuit and the other differential amplifier circuit decreases, an operational reliability of 
the other is improved, thus a differential voltage detection can certainly be performed 

25 with applying a signal of the differential amplifier circuit of higher operational reliability 
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corresponding to an aptitude of a fluctuation of the reference voltage signal. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing illustrating a differential amplifier circuit of a differential 
amplifier according to a preferred embodiment 1 . 

Fig. 2 is a drawing illustrating a bias voltage generating circuit of the 
10 differential amplifier according to the preferred embodiment 1 . 

Fig. 3 is a drawing illustrating a differential amplifier circuit of a differential 
amplifier according to a preferred embodiment 2. 

Fig. 4 is a drawing illustrating a bias voltage generating circuit of the 
differential amplifier according to the preferred embodiment 2. 
15 Fig. 5 is a drawing illustrating a bias voltage generating circuit of a differential 

amplifier according to a preferred embodiment 3. 

Fig. 6 is a drawing illustrating a modification example of the bias voltage 
generating circuit of the differential amplifier according to the preferred embodiment 3. 

Fig. 7 is a drawing illustrating a bias voltage generating circuit of a differential 
20 amplifier according to a preferred embodiment-4. . 

Fig. 8 is a drawing illustrating a bias voltage generating circuit of a differential 
amplifier according to a preferred embodiment 5. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 <Preferred embodiment 1> 
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The present preferred embodiment is a differential amplifier including a 
differential amplifier circuit and a bias voltage generating circuit. The bias voltage 
generating circuit ensures a constant current through a constant current circuit in the 
differential amplifier circuit even in case that a common mode voltage of a reference 
voltage signal to the differential amplifier circuit changes. 

Fig. 1 is a drawing illustrating the differential amplifier circuit in the 
differential amplifier according to the present preferred embodiment. Moreover, Fig. 2 
is a drawing illustrating the bias voltage generating circuit in the differential amplifier 
according to the present preferred embodiment. 

As shown in Fig. 1, the differential amplifier circuit includes Pch MOS 
(P-channel Metal Oxide Semiconductor) transistors PTln and PT2n and Nch MOS 
transistors NT In to NT3n. 

A source potential Vdd is supplied to sources of the Pch MOS transistors PTln 
and PT2n in common, and those gates are connected with each other. The gate of the 
Pch MOS transistor PTln is connected with not only a drain of the Pch MOS transistor 
PTln but also a drain of the Nch MOS transistor NT In. Moreover, a drain of the Pch 
MOS transistor PT2n is connected with a drain of the Nch MOS transistor NT2n. 

A drain of a Nch MOS transistor NT3n is connected with sources of the Nch 
MOS transistors NT In and NT2n in common. A ground potential GND is supplied to a 
sourceof the-Nch-MOStransistor-NT3n^ 

The Pch MOS transistors PTln and PT2n constitute a current mirror circuit and 
let a mirror current of a similar value to that of a reference current flowing between the 
drain and the source of the Nch MOS transistor NT In flow between the drain and the 
source of the Nch MOS transistor NT2n. A reference voltage signal Vref is inputted to a 
gate of the Nch MOS transistor NT In, and an input voltage signal Vin is inputted to a 
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gate of the Nch MOS transistor NT2n. Moreover, a bias voltage biasn generated in the 
bias voltage generating circuit in Fig. 2 is inputted to a gate of the Nch MOS transistor 
NT3n. 

In this differential amplifier circuit, a potential of the drain of the Nch MOS 
5 transistor NT2n functions as a differential detection signal OUTn. Moreover, the 
differential detection signal OUTn is amplified by an amplifier circuit (not shown) in the 
differential amplifier and becomes an output of the differential amplifier. 

As shown in Fig. 2, the bias voltage generating circuit includes Pch MOS 
transistors Ml to M3, a Nch MOS transistor M4 and a current source Isw generating a 
10 constant current of a certain value. Besides, the current source Isw can be composed of 
a resistance, for example, and otherwise, it can also be composed of a self bias circuit 
employing a MOS transistor and so on. 

The source potential Vdd is supplied to sources of the Pch MOS transistors Ml 
and M2 in common, and those gates are connected with each other. The gate of the Pch 
15 MOS transistor Ml is connected with not only a drain of the Pch MOS transistor Ml but 
also one terminal of the current source Isw. Moreover, a drain of the Pch MOS 
transistor M2 is connected with a source of the Pch MOS transistor M3. 

A drain of the Pch MOS transistor M3 is connected with a drain and a gate of 
the Nch MOS transistor M4. Moreover, the ground potential GND is supplied to a 

20 source-of the-Nch-MOS-transistor-^ 

The Pch MOS transistors Ml and M2 constitute a current mirror circuit and let 
a mirror current of the similar value to that of a constant current generated by the current 
source Isw flow between the source and the drain of the Pch MOS transistor M3 and 
between the drain and the source of the Nch MOS transistor M4. In other words, the 
25 current source Isw and the current mirror circuit composed of the Pch MOS transistors 
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Ml and M2 function as a constant current generating part generating the constant current. 

Besides, the reference voltage signal Vref which is also supplied to the Nch 
MOS transistor NTln of the differential amplifier circuit in Fig. 1 is inputted to a gate of 
the Pch MOS transistor M3. Moreover, a drain potential of the Nch MOS transistor M4 
5 functions as a bias voltage biasn. 

In this bias voltage generating circuit, when an absolute value of the reference 
voltage signal Vref changes, a voltage between the gate and the source of the Pch MOS 
transistor M3 changes. According to this, a voltage drop amount between the drain and 
the source of the Pch MOS transistor M3 changes, and the bias voltage biasn can be made 
10 to change. 

For example, a value of the source voltage Vdd is set at 1 .5 [V] , and an initial 
value of the reference voltage signal Vref is set at 0.75 [ V ] , for example. At this time, 
when a common mode voltage of the reference voltage signal Vref decreases, the absolute 
value of the voltage between the gate and the source of the Pch MOS transistor M3 is 
15 supposed to increase. 

Then, in order to continue maintaining the mirror current flowing between the 
drain and the source of the Pch MOS transistor M3, the absolute value of the voltage 
between the drain and the source of the Pch MOS transistor M3 decreases. When the 
absolute value of the voltage between the drain and the source of the Pch MOS transistor 

"20 M3 decreases, the drain potential-of-the-Neh MOS transistor-M4-is-Supposed_to_ris_e^_ Jn^ 

other words, the bias voltage biasn rises. 

Thus, in the differential amplifier circuit in Fig. 1 , even if the common mode 
voltage of the reference voltage signal Vref decreases and the current flowing through the 
Nch MOS transistor NT3n decreases, the bias voltage biasn to the Nch MOS transistor 
25 NT3n rises and thus the current flowing through the Nch MOS transistor NT3n increases, 
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and the bias voltage generating circuit in Fig. 2 has a feedback action ensuring a constant 
current value through the Nch MOS transistor NT3n which is a constant current circuit. 

Thus, even in case that the common mode voltage of the reference voltage 
signal Vref to the differential amplifier circuit changes, the bias voltage generating circuit 
5 and the differential amplifier which can ensure the constant current through the constant 
current circuit in the differential amplifier circuit are attainable. 

Besides, in the present preferred embodiment, a current of a certain value is 
generated in the current source Isw, the constant current flows to the Pch MOS transistor 
M3 and the Nch MOS transistor M4 through the current mirror circuit composed of the 
10 Pch MOS transistors Ml and M2. 

In order to attain the feedback action described above, the constant current has 
to only flow through the Pch MOS transistor M3 and the Nch MOS transistor M4, thus it 
is also applicable to omit the current mirror circuit composed of the Pch MOS transistors 
Ml and M2 and constitute the current source Isw to be placed in a position of the Pch 
15 MOS transistor M2 in the bias voltage generating circuit in Fig. 2. 

However, in case that a potential difference between the source potential Vdd 
and the ground potential GND is small as an exemplification of 1.5 [V] described above, 
if the current source Isw is connected with the Pch MOS transistor M3 and the Nch MOS 
transistor M4 in series and is made to function as the constant current generating part, 
~20 there-is a possibility thatan operating -voltage of-the Pch MOS transistor_M3_and the_Nch 
MOS transistor M4 is not ensured and thus both the transistors are not activated by reason 
that the voltage drop amount in the current source Isw is too large. 

When the mirror current of the similar value to that of the current generated in 
the current source Isw is made to flow to the Pch MOS transistor M3 and the Nch MOS 
25 transistor M4 through the current mirror circuit such as the bias voltage generating circuit 
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described in the present preferred embodiment, the voltage drop amount in the current 
source Isw does not have influence on the operating voltages of the Pch MOS transistor 
M3 and the Nch MOS transistor M4 5 even in case that the potential difference between 
the source potential Vdd and the ground potential GND is small. Thus, the bias voltage 
5 generating circuit of high operational reliability is attainable. 
<Preferred embodiment 2> 

The present preferred embodiment is a modification example of the differential 
amplifier according to the preferred embodiment 1, and is a modification of the 
composition of the differential amplifier circuit and the bias voltage generating circuit in 
10 the preferred embodiment 1 . 

Fig. 3 is a drawing illustrating a differential amplifier circuit in a differential 
amplifier according to the present preferred embodiment. Moreover, Fig. 4 is a drawing 
illustrating a bias voltage generating circuit in the differential amplifier according to the 
present preferred embodiment. 
15 As shown in Fig. 3, the differential amplifier circuit includes Nch MOS 

transistors NTlp and NT2p and Pch MOS transistors PTlp to PT3p. 

The ground potential GND is supplied to sources of the Nch MOS transistors 
NTlp and NT2p in common, and those gates are connected with each other. The gate of 
the Nch MOS transistor NTlp is connected with not only a drain of the Nch MOS 
20 transistor-NTlp-but also-a drain of-the-Peh-MOS-transistor-PT-lp. — Moreover,^ drainjof 
the Nch MOS transistor NT2p is connected with a drain of the Pch MOS transistor PT2p. 

A drain of the Pch MOS transistor PT3p is connected with sources of the Pch 
MOS transistors PTlp and PT2p in common. The source potential Vdd is supplied to a 
source of the Pch MOS transistor PT3p. 
25 The Nch MOS transistors NTlp and NT2p constitute a current mirror circuit 
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and let a mirror current of a similar value to that of a reference current flowing between 
the drain and the source of the Pch MOS transistor PTlp flow between the drain and the 
source of the Pch MOS transistor PT2p. The reference voltage signal Vref is inputted to 
a gate of the Pch MOS transistor PTlp, and the input voltage signal Vin is inputted to a 
5 gate of the Pch MOS transistor PT2p. Moreover, a bias voltage biasp generated in a bias 
voltage generating circuit in Fig. 4 is inputted to a gate of the Pch MOS transistor PT3p. 

In this differential amplifier circuit, a potential of the drain of the Pch MOS 
transistor PT2p functions as a differential detection signal OUTp. Moreover, the 
differential detection signal OUTp is amplified by an amplifier circuit (not shown) in the 

10 differential amplifier and becomes an output of the differential amplifier. 

As shown in Fig. 4, the bias voltage generating circuit includes Pch MOS 
transistors Ml, M2, M10, Nch MOS transistors M4, M8, M9 and a current source Isw 
generating a constant current of a certain value. Besides, in the same manner as 
described in the preferred embodiment 1 , the current source Isw can be composed of a 

15 resistance, for example, and otherwise, it can also be composed of a self bias circuit 
employing a MOS transistor and so on. 

The source potential Vdd is supplied to sources of the Pch MOS transistors Ml 
and M2 in common, and those gates are connected with each other. The gate of the Pch 
MOS transistor Ml is connected with not only a drain of the Pch MOS transistor Ml but 

20 also "one - terminal-of the^current- source- Isw. — Moreover,-a -drain _of the Pch_MOS 
transistor M2 is connected with a drain and a gate of the Nch MOS transistor M4. 
Moreover, the ground potential GND is supplied to a source of the Nch MOS transistor 
M4 and other terminal of the current source Isw. 

A source of the Nch MOS transistor M8 is connected with the source of the 

25 Nch MOS transistor M4. A gate of the Nch MOS transistor M8 is connected with the 
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gate of the Nch MOS transistor M4. A drain of the Nch MOS transistor M8 is 
connected with a source of the Nch MOS transistor M9. 

A drain of the Nch MOS transistor M9 is connected with a drain and a gate of 
the Pch MOS transistor M10. Moreover, the source potential Vdd is supplied to a 
5 source of the Pch MOS transistor Ml 0. 

The Pch MOS transistors Ml and M2 constitute a current mirror circuit and let 
a mirror current of the similar value to that of a constant current generated by the current 
source Isw flow between the drain and the source of the Nch MOS transistor M4. 
Moreover, the Nch MOS transistors M4 and M8 also constitute a current mirror circuit 
10 and let a mirror current of the similar value to that of the mirror current flowing through 
the Nch MOS transistor M4 flow between the source and the drain of the Pch MOS 
transistor M10 and between the drain and the source of the Nch MOS transistor M9. 

In other words, the current source Isw, the current mirror circuit composed of 
the Pch MOS transistors Ml and M2 and the current mirror circuit composed of the Nch 
15 MOS transistors M4 and M8 function as a constant current generating part generating the 
constant current. 

Besides, the reference voltage signal Vref which is also supplied to the Pch 
MOS transistor PTlp in the differential amplifier circuit in Fig. 3 is inputted to a gate of 
the Nch MOS transistor M9. Moreover, a drain potential of the Pch MOS transistor 

20 Ml 0 functions as the-bias-voltage-biasp, - 

In this bias voltage generating circuit, when the absolute value of the reference 
voltage signal Vref changes, a voltage between the gate and the source of the Nch MOS 
transistor M9 changes. According to this, a voltage drop amount between the drain and 
the source of the Nch MOS transistor M9 changes, the bias voltage biasp can be made to 
25 change. 
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For example, the value of the source voltage Vdd is set at 1.5 [V] , and the 
initial value of the reference voltage signal Vref is set at 0.75 [ V] , for example. At this 
time, when the common mode voltage of the reference voltage signal Vref decreases, the 
absolute value of the voltage between the gate and the source of the Nch MOS transistor 
5 M9 is supposed to decrease. 

Then, in order to continue maintaining the mirror current flowing between the 
drain and the source of the Nch MOS transistor M9, the absolute value of the voltage 
between the drain and the source of the Nch MOS transistor M9 increases. When the 
absolute value of the voltage between the drain and the source of the Nch MOS transistor 
10 M9 increases, the drain potential of the Pch MOS transistor M10 is supposed to rise. In 
other words, the bias voltage biasp rises. 

Thus, in the differential amplifier circuit in Fig. 3, even if the common mode 
voltage of the reference voltage signal Vref decreases and the current flowing through the 
Pch MOS transistor PT3p increases, the bias voltage biasp to the Pch MOS transistor 
15 PT3p rises and thus the current flowing through the Pch MOS transistor PT3p is 
depressed, and the bias voltage generating circuit in Fig. 4 has a feedback action ensuring 
a constant current value in the Pch MOS transistor PT3p which is a constant current 
circuit. 

Thus, even in case that the common mode voltage of the reference voltage 

20 signahVref tothe-differential-amplifier eireuit-changes^the-bias-voltage-generating.circuit 

and the differential amplifier which can ensure the constant current through the constant 
current circuit in the differential amplifier circuit is attainable. 

Besides, also in the present preferred embodiment, the mirror current of a 
similar value to that of the current generated in the current source Isw flows to the Nch 
25 MOS transistor M9 and the Pch MOS transistor M10 through the two current mirror 
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circuits. According to this, in the same manner as the case of the preferred embodiment 
1, the voltage drop amount in the current source Isw does not have influence on the 
operating voltages of the Nch MOS transistor M9 and the Pch MOS transistor M10, even 
in case that the potential difference between the source potential Vdd and the ground 
5 potential GND is small. Thus, bias voltage generating circuit of high operational 
reliability is attainable. 

<Preferred embodiment 3> 

The present preferred embodiment is a differential amplifier that the preferred 
embodiments 1 and 2 are joined. 
10 In the preferred embodiment, both the differential amplifier circuits described 

in Figs. 1 and 3 are employed. Besides, Fig. 5 is a drawing illustrating a bias voltage 
generating circuit in the differential amplifier according to the present preferred 
embodiment. 

As shown in Fig. 5, the bias voltage generating circuit includes Pch MOS 
15 transistors Ml to M3 5 M5 and M10, Nch MOS transistors M4, M7 to M9 and a current 

source Isw generating a constant current of the certain value. Besides, in the same 

manner as described in the preferred embodiment 1, the current source Isw can be 

composed of a resistance, for example, and otherwise, it can also be composed of a self 

bias circuit employing a MOS transistor and so on. 
20 Axomposition of circuits of^the-Peh-MOS transistors-M-l-to-M3,-the.Nch_MQS_ 

transistor M4 and the current source Isw is exactly the same as the case of the bias 

voltage generating circuit in Fig. 2, thus the description is omitted. 

The source potential Vdd is supplied to a source of the Pch MOS transistor M5, 

and a gate of it is connected with the gate of the Pch MOS transistor Ml. Moreover, a 
25 drain of the Pch MOS transistor M5 is connected with a drain and a gate of the Nch MOS 
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transistor M7. Moreover, the ground potential GND is supplied to a source of the Nch 
MOS transistor M7. 

The source of the Nch MOS transistor M8 is connected with the source of the 
Nch MOS transistor M7. The gate of the Nch MOS transistor M8 is connected with the 
5 gate of the Nch MOS transistor M7. The drain of the Nch MOS transistor M8 is 
connected with the source of the Nch MOS transistor M9. 

The drain of the Nch MOS transistor M9 is connected with the drain and the 
gate of the Pch MOS transistor M10. Moreover, the source potential Vdd is supplied to 
the source of the Pch MOS transistor M10. 
10 The Pch MOS transistors Ml and M2 constitute the current mirror circuit and 

let the mirror current of the similar value to that of the constant current generated by the 
current source Isw flow between the source and the drain of the Pch MOS transistor M3 
and between the drain and the source of the Nch MOS transistor M4. In other words, 
the current source Isw and the current mirror circuit composed of the Pch MOS 
15 transistors Ml and M2 function as a first constant current generating part generating the 
constant current. 

Besides, the reference voltage signal Vref which is also supplied to the Nch 
MOS transistor NT In of the differential amplifier circuit in Fig. 1 and the Pch MOS 
transistor PTlp of the differential amplifier circuit in Fig. 3 is inputted to the gate of the 

20 Pch"MOStransistor-M3: — ^Moreover,-the-drain-potential-of-the-Nch-MOS-transistor^M4 

functions as the bias voltage biasn to the Nch MOS transistor NT3n of the differential 
amplifier circuit in Fig. 1 . 

Moreover, the Pch MOS transistors Ml and M5 constitute the current mirror 
circuit and let the mirror current of the similar value to that of the constant current 
25 generated by the current source Isw flow between the drain and the source of the Nch 
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MOS transistor M7. Moreover, the Nch MOS transistors M7 and M8 also constitute the 
current mirror circuit and let the mirror current of the similar value to that of the mirror 
current flowing through the Nch MOS transistor M7 flow between the source and the 
drain of the Pch MOS transistor M10 and between the drain and the source of the Nch 
5 MOS transistor M9. 

In other words, the current source Isw, the current mirror circuit composed of 
the Pch MOS transistors Ml and M5 and the current mirror circuit composed of the Nch 
MOS transistors M7 and M8 function as a second constant current generating part 
generating the constant current. 

10 Besides, the reference voltage signal Vref which is also supplied to the Nch 

MOS transistor NTln of the differential amplifier circuit in Fig 1 and the Pch MOS 
transistor PTlp of the differential amplifier circuit in Fig. 3 is inputted to a gate of the 
Nch MOS transistor M9. Moreover, a drain potential of the Pch MOS transistor M10 
functions as a bias voltage biasp. 

15 In other words, in this voltage generating circuit, the Pch MOS transistors Ml 

to M3, the Nch MOS transistor M4 and the current source Isw function as the bias voltage 
generating circuit in Fig. 2, and the Pch MOS transistors Ml, M5 and M10, the Nch MOS 
transistors M7 to M9 and the current source Isw function as the bias voltage generating 
circuit similar to that in Fig. 4. 

20 According-to-the -present -preferred-embodiment, -the_bias_ voltage_generating _ 

circuit has the Nch MOS transistor M9 and the Pch MOS transistor M10 having an 
opposite conductivity type to the Pch MOS transistor M3 and the Nch MOS transistor M4. 
Thus, the bias voltage generating circuit in Fig. 5 has a feedback action ensuring the 
constant current value in the Nch MOS transistor NT3n which is the constant current 

25 circuit of the differential amplifier circuit in Fig. 1 and a feedback action ensuring the 
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constant current value in the Pch MOS transistor PT3p which is the constant current 
circuit of the differential amplifier circuit in Fig. 3. According to this, even in case that 
the common mode voltage of the reference voltage signal Vref to the differential 
amplifier circuit changes, the bias voltage generating circuit and the differential amplifier 
5 which can ensure the constant current through the constant current circuit in the 
differential amplifier circuit are attainable. 

In other words, even in case that the common mode voltage of the reference 
voltage signal Vref to the differential amplifier circuit in Figs. 1 and 3 changes, the 
differential amplifier which can ensure the respective constant currents through the Nch 

10 MOS transistor MT3n and the Pch MOS transistor PT3p that are the respective constant 
current circuits is attainable. 

Moreover, the differential amplifier according to the present preferred 
embodiment has the differential amplifier circuits in Figs. 1 and 3 including the Nch 
MOS transistor NT3n and the Pch MOS transistor PT3p whose conductivity types are 

15 different with each other, respectively. Thus, even if the constant current flowing in one 
of the Nch MOS transistor NT3n and the Pch MOS transistor PT3p is under the influence 
corresponding to a fluctuation of the reference voltage signal Vref, the stability of the 
constant current flowing in the other is improved. 

For example, if the common mode voltage of the reference voltage signal Vref 

20 riecreases-sharply— there-is-a-possihi1ity-that-it-causes--a-decrease-of„the_ curre nt flowin g 

through the Nch MOS transistor NT3n in the differential amplifier circuit in Fig. 1, 
although the feedback action as described above operates. Or, there is also a possibility 
that the Nch MOS transistor NT3n stops the action without ensuring a threshold voltage 
of the Nch MOS transistor NT3n. Thus, a case of difficulty in ensuring the constant 

25 current through the Nch MOS transistor NT3n is considered. 
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In the meantime, in the differential amplifier circuit in Fig. 3, the sharp 
decrease of the reference voltage signal Vref only causes an increase of the current 
flowing through the Pch MOS transistor PT3p. Thus, the increase of that current can 
easily be depressed by the feedback action, and it is comparatively easy to ensure the 
5 constant current through the Pch MOS transistor PT3p. 

On the contrary, in case that the common mode voltage of the reference voltage 
signal Vref increases sharply, it becomes comparatively difficult to ensure the constant 
current through the Pch MOS transistor PT3p, and it becomes comparatively easy to 
ensure the constant current through the Nch MOS transistor NT3n. 

10 In other words, even in case that an operational reliability of one of the 

differential amplifier circuit in Figs. 1 and 3 decreases, an operational reliability of the 
other is improved, thus a differential voltage detection can certainly be performed with 
applying a signal of the differential amplifier circuit of higher operational reliability 
corresponding to an aptitude of a fluctuation of the reference voltage signal Vref. 

15 Besides, also in the present preferred embodiment, the mirror current of a 

similar value to that of the current generated in the current source Isw flows to the Pch 
MOS transistor M3 and the Nch MOS transistor M4 through the current mirror circuit, 
and the mirror current of a similar value to that of the current generated in the current 
source Isw flows to the Nch MOS transistor M9 and the Pch MOS transistor M10 through 

20 the~two~current mirror circuits: — Aeeording-to-this^in the same-manner_as_the_casejDLthe 
preferred embodiments 1 and 2, the voltage drop amount in the current source Isw does 
not have influence on the operating voltage of the Pch MOS transistor M3, the Nch MOS 
transistor M4, the Nch MOS transistor M9 and the Pch MOS transistor M10, even in case 
that the potential difference between the source potential Vdd and the ground potential 

25 GND is small. Thus, bias voltage generating circuit of high operational reliability is 
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attainable. 

Besides, as shown in Fig. 6, it is also applicable to make a Pch MOS transistor 
M6 stand between the current mirror circuit composed of the Pch MOS transistors Ml 
and M5 and the current mirror circuit composed of the Nch MOS transistors M7 and M8 
5 and to let the mirror current from the Pch MOS transistor M5 flow between the source 
and the drain of the Pch MOS transistor M6. 

A fixed voltage signal Vrefa which is a fixed value is inputted to a gate of the 
Pch MOS transistor M6. A value similar to the initial value of the reference voltage 
signal Vref is applicable to this fixed voltage signal Vrefa (in case that the Vdd is set at 
10 1 .5 [ V] , for example, it can be set at 0.75 [ V] , for example). A method to take out a 
potential at a part of a resistance placed between the source potential Vdd and the ground 
potential GND is applicable to a generation of the fixed voltage signal Vrefa, for 
example. 

Or, the reference voltage signal Vref can be inputted to the gate of the Pch 
15 MOS transistor M6 instead of the fixed voltage signal Vrefa. 

In this case, when coordinating an electrical characteristic of the Pch MOS 
transistor M2 with an electrical characteristic of the Pch MOS transistor M5, coordinating 
an electrical characteristic of the Pch MOS transistor M3 with an electrical characteristic 
of the Pch MOS transistor M6, coordinating an electrical characteristic of the Nch MOS 

-20 transistor-M4-with-an~eleetri^ 

the value of the fixed voltage signal Vrefa to be the same as that of the reference voltage 
signal Vref, an electrical characteristic of a route passing the mirror current through the 
Pch MOS transistor M3 and an electrical characteristic of a route passing the mirror 
current through the Pch MOS transistor M6 coincide at high precision. According to 
25 this, both the mirror currents coincide with each other at high precision. 
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Besides, when employing the fixed voltage signal Vrefa, the current flowing in 
the Pch MOS transistor M6 can be fixed to be a constant value. 
<Preferred embodiment 4> 

The present preferred embodiment is a modification example of the bias 
5 voltage generating circuit according to the preferred embodiment 2, and a Nch MOS 
transistor Ml 1 is made to stand between the current mirror circuit composed of the Pch 
MOS transistors Ml and M2 and the current mirror circuit composed of the Nch MOS 
transistors M4 and M8 and the mirror current from the Pch MOS transistor M2 is made to 
flow between the source and the drain of the Nch MOS transistor Mil. 

10 Fig. 7 is a drawing illustrating a bias voltage generating circuit in a differential 

amplifier according to the present preferred embodiment. The fixed voltage signal 
Vrefa which is the fixed value is inputted to a gate of the Nch MOS transistor Mil. The 
value similar to the initial value of the reference voltage signal Vref is applicable to this 
fixed voltage signal Vrefa (in case that the Vdd is set at 1 .5 [V] , for example, it can be set 

15 at 0.75 [V], for example). The method to take out the potential at a part of the resistance 
placed between the source potential Vdd and the ground potential GND is applicable to 
the generation of the fixed voltage signal Vrefa, for example. 

Or, the reference voltage signal Vref can be inputted to the gate of the Nch 
MOS transistor Ml 1 instead of the fixed voltage signal Vrefa. 

20 In-the-same- manner-as-the-case-of-Fig.-6,-when-COordinating Jhe^Mctn_caL 

characteristic of the Pch MOS transistor M2 with an electrical characteristic of the Pch 
MOS transistor M10, coordinating an electrical characteristic of the Nch MOS transistor 
M9 with an electrical characteristic of the Nch MOS transistor Ml 1 and setting the value 
of the fixed voltage signal Vrefa to be the same as that of the reference voltage signal 

25 Vref, an electrical characteristic of a route passing the mirror current through the Nch 
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MOS transistor M9 and an electrical characteristic of a route passing the mirror current 
through the Nch MOS transistor Ml 1 coincide at high precision. According to this, both 
the mirror currents coincide with each other at high precision. 

Besides, when employing the fixed voltage signal Vrefa, the current flowing in 
5 the Nch MOS transistor Ml 1 can be fixed to be a constant value. 

The other points are similar to that of the bias voltage generating circuit in the 
differential amplifier according to the preferred embodiment 2, thus the description is 
omitted. 

<Preferred embodiment 5> 

10 In the same manner as the preferred embodiment 3, the present preferred 

embodiment is also a differential amplifier which can generate both the bias voltage biasn 
and biasp. However, in the present preferred embodiment, a current mirror circuit is not 
placed separately with the Nch MOS transistor M4 generating the bias voltage biasn such 
as the case of Figs. 5 and 6, but the Nch MOS transistor M4 is also made to take a role of 

15 the current mirror circuit. 

Fig. 8 is a drawing illustrating a bias voltage generating circuit in a differential 
amplifier according to the present preferred embodiment. As shown in Fig. 8, the bias 
voltage generating circuit includes the Pch MOS transistors Ml to M3 and M10, the Nch 
MOS transistors M4, M8 and M9 and the current source Isw generating the constant 

20 current of the certain-value. — Besides^ -in-the-same-manner-as-described Jn_the preferred 

embodiment 1, the current source Isw can be composed of the resistance, for example, 
and otherwise, it can also be composed of the self bias circuit employing the MOS 
transistor and so on. 

The composition of circuits of the Pch MOS transistors Ml to M3, the Nch 
25 MOS transistor M4 and the current source Isw is exactly the same as the case of the bias 
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voltage generating circuit in Fig. 2, thus the description is omitted. Moreover, a 
composition of circuits of the Nch MOS transistors M8 and M9 and the Pch MOS 
transistor M10 is exactly the same as the case of the bias voltage generating circuit in Fig. 
4, thus the description is also omitted. 
5 In case of the present preferred embodiment, the drain potential of the Nch 

MOS transistor M4 functions as the bias voltage biasn to the Nch MOS transistor NT3n 
of the differential amplifier circuit in Fig. 1 . Herewith, the Nch MOS transistors M4 and 
M8 constitute a current mirror circuit and let the mirror current of the similar value to that 
of the mirror current flowing through the Nch MOS transistor M4 flow between the 

10 source and the drain of the Pch MOS transistor M10 and between the drain and the source 
of the Nch MOS transistor M9. Moreover, the drain potential of the Pch MOS transistor 
M10 functions as the bias voltage biasp to the Pch MOS transistor PT3p of the 
differential amplifier circuit in Fig. 3. 

According to the present preferred embodiment, the bias voltage generating 

15 circuit has the Nch MOS transistor M9 and the Pch MOS transistor M10 having the 
opposite conductivity type to the Pch MOS transistor M3 and the Nch MOS transistor M4. 
Thus, in the same manner as the case of Figs. 5 and 6, the bias voltage generating circuit 
in Fig. 8 has the feedback action ensuring the constant current value in the Nch MOS 
transistor NT3n which is the constant current circuit of the differential amplifier circuit in 

20 FigT~l~aMH:h^f<^dfrack^ MOS 
transistor PT3p which is the constant current circuit of the differential amplifier circuit in 
Fig. 3. According to this, even in case that the common mode voltage of the reference 
voltage signal Vref to the differential amplifier circuit changes, the bias voltage 
generating circuit and the differential amplifier which can ensure the constant current 

25 through the constant current circuit in the differential amplifier circuit are attainable. 
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In other words, even in case that the common mode voltage of the reference 
voltage signal Vref to the differential amplifier circuit in Figs. 1 and 3 changes, the 
differential amplifier which can ensure the respective constant currents through the Nch 
MOS transistor NT3n and the Pch MOS transistor PT3p that are the respective constant 
5 current circuits is attainable. 

Moreover, the differential amplifier according to the present preferred 
embodiment has the differential amplifier circuits in Figs. 1 and 3 including the Nch 
MOS transistor NT3n and the Pch MOS transistor PT3p whose conductivity types are 
different with each other, respectively. Thus, even if the constant current flowing in one 
10 of the Nch MOS transistor NT3n and the Pch MOS transistor PT3p is under the influence 
corresponding to the fluctuation of the reference voltage signal Vref, the stability of the 
constant current flowing in the other is improved. 

In other words, even in case that the operational reliability of one of the 
differential amplifier circuit in Figs. 1 and 3 decreases, the operational reliability of the 
15 other is improved, thus a differential voltage detection can certainly be performed with 
applying the signal of the differential amplifier circuit of higher operational reliability 
corresponding to the aptitude of the fluctuation of the reference voltage signal Vref. 

<Modification example> 

In the present embodiments 1 to 5 described above, the MOS transistor is 
20 applied"to~a transistor, and otherwisera-bipolar transistor-and so on 5 -for-example,.are_alsp_ 
applicable. Also in that case, the similar effect to that described above is attainable. 

Moreover, in the bias voltage generating circuit in Fig. 2, when replacing all of 
the Pch MOS transistors Ml to M3 with the Nch MOS transistors, replacing the Nch 
MOS transistor M4 with the Pch MOS transistor, exchanging the source potential Vdd 
25 and the ground potential GND and converting a direction of a flow of the constant current 
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generated in the current source Isw, the bias voltage biasn can be made to function as the 
bias voltage biasp. 

The same is also applied in the bias voltage generating circuits in Figs. 4 to 8. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 



